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PHYSIOLOGY OF SEED STORAGE*
James C. Delouche
Mississippi State University, State College, Mississippi
of deterioration in seed and pertinent principles of environmental engineering, and a careful analysis of
one's specific storage needs.

Proper attention to the storage of
seed is an essential ingredient of a
successful seed ope;ration. Seed in
storage represents a company's potential return on its considerable investment in research and development, promotion, facilities, production and operations. Failure to provide adequately for storage of seed
can severely depress not only returns from the current season but
also those for years to come through
damage to the seedsman's reputation.
A successful seed storage operation does not just happen-it must
be planned for just as one must
plan for production or promotion.
Planning to be effective must be
thorough and systematic. Requisites
for successful planning include a
clear concept of the purposes of storage, an appreciation of the process

Reasons for Storage
Seed are stored for only two reasons. First, after harvest and before
sale, seed have to be somewhere!
Unfortunately, the concern of many
seedsmen never extends beyond this
spatial requirement. Any space will
do-against fertilizers or herbicides
on a damp concrete floor, or in a hot,
poorly ventilated building. The more
fundamental reason for storage of
seed is to maintain their physiological quality throughout the storage
period by minimizing deterioration.
The best of storage conditions can
only maintain quality and it is important that this fact be recognized.
A complete seed storage program
encompasses more than a physical
facility and attention during the period of time seed are stored in the
facility. Rather, it begins in the field
before harvest and continues until
the seed are planted.
Seed are highest in quality at the
time they attain functional maturity.
Most kinds of seed reach maturity at
moisture contents too high for efficient mechanical harvest. Thus, seeds
are-in effect-stored in the field
from maturation to harvest and the
field environment is seldom favorable for storage. Unseasonal weather,
particularly if it delays harvest, can
cause considerable deterioration of
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seed during the preharvest period.
The degree of deterioration that occurs in seed prior to harvest deter, mines their quality at the time of
harvest and conditions their per-:formance in storage.
In like manner, mechanical abuse
to seed associated with even the
most careful mechanical harvesting,
handling and processing operations,
and damage caused by improper
drying or bulk storage can have both
immediate and latent effects, i.e.,
performance of the seed might be
affected at the time of injury or not
until some later time during storage.
The data in Table 1 are illustrative of the controlling influence of
prestorage history of seed on their
storage potential. Five lots of hybrid
corn seed produced in the same season and state were stored for 12
months under identical conditions.
_The lots responded quite differently
in storage although they were all
similar-in germination at the beginning of the storage period. It is evident that seed in some of the lots
were disposed to a rapid decline in
viability during storage as a result
of some trauma sustained during
their prestorage history.
TABLE 1
Germination percentages of five lots
of corn seed after 12 and 18 months
open storage at State College,
Mississippi.
Lot

Initial
Germination

Storage Period (Months)
12
18

A--------~9~9---------8~6------=57~-

c

B
D

98
98
98

48
75
90

28
70
88

E

100

100

99

Detailed consideration of the infl.uence of prestorage factors on storage potential of seed is beyond the

scope of this paper. However, their
importance must be recognized and
steps taken to eliminate or minimize
their effects.

Characteristics of Deterioration
The term "deterioration" has been
used. It is not an unfamiliar term for
it is rather commonly applied to
both biological and non-biological
materials. Nevertheless, it is difficult
to rigorously define when applied
to seed. For our purposes here, however, deterioration of seed can be
considered as some degree of impairment in function resulting from
changes occurring over time--a few
minutes or 20 years.
While it is not possible to rigorously define seed deterioration, we
can characterize it in terms that are
of some significance in the practical
arena of the seed industry. Seed deterioration is: inexorable, irreversible, minimal at time of maturity,
and variable in rate among seed
kinds, lots of the same kind, and individual seeds within a lot (5).
Although they contribute little toward a concept or definition of seed
deterioration, these characteristics do
define both the limits and direction
of our efforts in storing seed. We
are limited by what must be considered-at least for the present-as
biological facts. Deterioration of seed
cannot be prevented although its
rate can be closely controlled. The
process of deterioration cannot be
reversed. And, some kinds of seed
are inherently longer-lived than ·
others. Accepting these limitations,
our efforts must then be directed at
minimizing deterioration in quality
from the high level attained at the
time of maturation. Variations in
rate of deterioration among seed
lots and individual seeds within a
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lot are mostly the result of differences in prestorage history.
Deteriorative Changes in Seed
In our consideration of some
characteristics of deterioration, we
might have added yet another one:
that deterioration is characterized
by change. Indeed, in our context
deterioration and change-detrimental change-are almost synonymous.
For deterioration is identifiable only
in terms of measurable or observable changes in response-reactions
of seed. Conversely, detrimental
changes in seed are said to be the
result of deterioration.
The literature on seed storage is
voluminous. Yet, it contains surprisingly little definitive inform ation on seed deterioration and its
consequences other than loss of the
germinative capacity. Much more information is available on deterioration of grain and products derived
from grain (18), but, unfortunately,
this information is only partly applicable to seed. Here we will restrict our discussion to a few of
the better documented and practically
significant
deteriorative
~hanges in seed.
Aged or deteriorated seed become
"leaky." Substances such as sugars
and free amino acids move readily
out of deteriorated seed when they
are rehydrated and in contact with a
water film. This phenomenon is apparently associated with degradation of cellular membranes and subsequent loss of control of permeability (2, 9, 13, 14). Recent work by
Abu-Sakara ( 1) suggests that the
phosphorylative activity of mitochrondria is reduced in aged seed
because of loss in integrity of the
mitochrondrial membranes resulting in an uncoupling of the electron
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transport and phosphorylative systems.
The significance of permeability
changes in seed is not clear. Substances leaking from aged seed might
well serve as substrata for molds
and stimulate their activity to the
detriment of the seed. The purely
physiological consequences of reduced permeability control have not
yet been elucidated.
During deterioration the activity
of certain enzymes . and enzyme systems decreases: some of dehydrogenases, decarboxylases, amylases,
catalase, and peroxidase. DegeneraJon of the dehydrogenase systems
involved in the tetrazolium reaction
and glutamic acid decarboxylase activity are particularly well documented ( 6, 7).
Reduction of tetrazolium salts in
cells of the seed embryo by dehydrogenase systems to an insoluble red
pigment (formazan) is the essential
mechanism of the widely used tetrazolium test for seed viability. Although, the test is mainly used to
estimate germinability, it is also
most effective in diagnosing viability and vigor problems and in following the progress of deterioration.
Grabe (7) has been the principal
proponent of using glutamic acid
decarboxylase activity (GADA) as
a measure of seed quality. He has
shown that longevity and vigor of ·
corn seed lots are closely associated
with prestorage GADA. Recent work
in our laboratory corroborates
Grabe's findings. It also, however,
indicates some of the limitations to
use of GADA as a general measure
of seed quality.
In our work, lots of corn seed
were stored under different environments for periods up to 18 months.
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TABLE 2
Some responses of seed corn stored for periods up to 10 months at 30° C. and
, 57% relative humidity. (Data from: N. S. Gill. Deterioration of corn seed during
storage. Ph. D. Dissertation. Mississippi State University. 1969).
Storage (A)
Period
(Mos.) GADA 1

Respiration2
RQ
02

(C)
Growth3
!toot
Shoot

0
2
4
6
8
10

9.9
8.8
7.4
7.4
6.9
6.7

118
92
92
80
65
60

145
114
106
88
86
78

(B)

1.8
1.6
1.9
1.9
2.2
2.2

39
28
28
24
16
14

(D)
· Emergence-"'
6 da .
13 da.
88
80
76
67
67
54

92
91
88
83
82
79

(F)
(E)
Relative Cold
Yield5 Test6
100
100
96
95
91
85

88
89
84
63
47
21

(G)
Germination7
1st
Final
94
94
90
86
72
58

95
93
95
94
93
92

mm. C02 / 30g. see/30 min.
2 0 -microliters 0 absorbed/seed/hour after imb ib it ion period of 6 hours at 25° C. RG=C0 /0 .
2
2
2
2
3 Root - length of primary root in milimeters 3 days after planting in rolled towels at 30° C. Shoot same.
4 Percentage of seedlings 1 inch or more above soil line 6 and 13 days after planting.
5 Yield
as perce ntage of 0 month base and adjusted for equival ent populations.
6 Percentage emergence from soil sand mixture at 70% saturation and exposed to 10° C. for 7 days
then to 30° C. for 6 days.
7% normal seedlings at least 2 inches in to tal leng th 4 and 7 days after olantinc under standard
laboratory germination test conditions.
1

Selected response-reactions of the
seed were measured at intervals to
follow the progress of deterioration
and evaluate its consequences. Some
of the data obtained from one lot
stored under one condition (30° C.
and 57% relative humidity) for intervals up to 10 months are presented in Table 2, column A.
GADA consistently decreased as
time in storage decreased. At the
end of the 10 month period, it had
decreased to about 50 percent of the
prestorage value. When all lots and
storage conditions were considered,
however, we found that there was no
consistent
quantitative
relation
among GADA levels of different lots
stored under the same condition, or
among seed of the same lot stored
under different conditions. Similar
limitations of GADA as a general
measure of seed quality in other
kinds · of seed have also been reported by James (10).
Although the general application
of GADA measurements in quality
control programs is limited, it is a

powerful and very sensitive method
for monitoring the progress of deterioration in individual seed lots
over time.
· Seed respiration involves many
complex and interrelated metabolic
activities. Thus, degeneration of any
of the systems involved should affect some respiratory characteristic.
Woodstock and his group (16, 17)
have been most active in studying
the relation of respiratory activity of
seed during imbibition and early
stages of germination to subsequent
growth and performance of seedlings. Essentially, they have found
that rate of respiration (measured
as 0 2 absorption) during imbibition
and early stages of germination is
closely correlated with rate of seedling growth and with other indices
of seed vigor such as GADA.
Recent studies on respiratory characteristics of seed have certainly
yielded some promising results and
a general relationship between respiration and vigor has been established; however, the area of the re-
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lationship and its boundaries have
not yet been clearly defined. Until
and unless this is done, usefulness of
' the relationship will largely be confined to the research laboratory.
Respiratory characteristics of corn
seed at intervals during a 10-month
storage period are given in Table 2,
column B. Rate of respiration decreased about 30o/o during the 10month storage period. Respiratory
quotient (RQ) increased from 1.8
to 2.1 during the same period. The
increase in RQ might possibly be a
more sensitive measure of deterioration than any quantitative decrease
in respiration input-output. At least
in our experience an increase in
RQ has been a m<;>st consistent measure of deterioration.
The growth phase of germination
is the summation of the whole spectrum of metabolic activities in seed
activated (or accelerated) durjng
rehydration. Since growth is dependent on the proper functionir!g of
energy-yielding and biosynthetic
mechanisms, it should be affected by
any impairment in these mechanisms. The assumption that deterjoration of seed should be manifested in
the growth process seems so reasonable that I wonder if in our intensive search for a basic measure of
the physiological quality of seed we
have not ignored the one that might
well prove to be the most bask anrl
direct of all. Perhaps discarded is a
more descriptive word than ignored
because the idea that rapidity of
germination and seedling growth are
meaningful parameters of seed quality is not new. The concept of Triebkraft (germinating energy) was introduced during the time seed testing was being organized in the latter
half of the 19th c~ntury (15). While
the concept of germinating energy
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was never clearly formulated, its
general reference was to rate of
germination and early seedling
growth. It is certainly ironic that
the term "energy" was deleted and
"first count" substituted in the International Rules for Testing seed in
the early 195-0's just at the time
when the problem of seed vigor began to attract the attention of researchers. Resurrection of the germination energy concept in somewhat modified form seems to be one
of the most significant contributions
from the seed research laboratories
in recent years.
Measuring rate of germination and
seedling growth is relatively easy
and within the capability of even
very modest control programs. Indeed, modification of standard germination test procedures, specifically
method of planting and timing of
evaluations, could yield the desired
information, i.e., percentage of seeds
that germinate and develop into
seedlings of a certain minimum size
in a specified period (first count).
Seedling growth rate data from
the study previously described are
given in Table 2, column C. Length
of the primary root 3 days after
planting decreased from 118 mm. to
60 mm. during the 10 month storage
period. The decrease in rate of
growth of the plumule (shoot) was
even more pronounced.

Deterioration and Performance
Deteriorative changes in seed are
of little consequence unless some
essential component of performance
is affected. The idea persisted until
only recently that the effects of deterioration did not extend beyond
germination and stand establishment. Apparently, all seedlings that
emerged and survived until they be-
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came autotropic were considered to
be of equal value.
It now appears that the ideas ad, vanced by Kidd and West (11) 50
years ago-and virtually ignored
since that time-are valid. They believed that the physiological condition of seed predetermined subsequent growth and performance of
plant. Recently, Pollock and Woodstock ( 12) reported that chilling
lima bean seed to 15° C. during the
first hour of imbibition predetermined subsequent growth rate of
seedlings, and Christiansen ( 18)
showed that an unfavorable germination environment (chilling) influenced the vegetative development
and fruiting of cotton. In the case
of both lima beans and cottonseed,
some essential mechanism of growth
was impaired by a specific treatment
(chilling) during imbibition and the •
weakness was prepetuated. The effects of the more generalized deteriorative process are very similar,
however, and the same mechanisms
must be affected but over a much
longer period of time.
Emergence percentages and relative yield data from the corn seed
study previously described are given
in Table 2, columns D and E. During the 10-month storage period 13
day emergence decreased from 92
to 79% and 6 day emergence decreased from 88 to 54%. Yield from
the seed stored 10 months at 30° C.
and 57 o/o relative humidity was reduced by 15%.
Table 2 has been gradually constructeC:l during this discussion. Two
i terns remain: cold test emergence
(column F) and germination percentage (column G). Cold test emergence was reduced during the
storage period from 88 to 21%.
Laboratory germination percentage

during the same period did not significantly decrease. Rapidity of germination, however, did decrease as
indicated by first count germination
percentages.
Now that Table 2 is complete we
have a faint insight into the process
of deterioration in seed and its consequences. Deterioration in corn seed
was manifested in lower respiratory
rates, higher RQ's, slower germination, slower emergence, lower glutamic acid decarboxylase activity,
lower cold test reaction and lower
yields. Other results from the study
not given in Table 2 showed that
seed permeability increased with
time in storage, that the slower rate
of germination and seedling growth
of deteriorated seed persisted up to
about 50 days after planting, that
stem diameter tended to decrease
with deterioration, and that yield reductions were largely a reflection of
reduced shelling percentage.
The progressive nature of deterioration is also evident. Changes become more pronounced and their effects more dramatic with time. This
suggests that among the most important unfinished business in seed
physiology is the establishments of
maximum levels of deterioration
that can be sustained by the different kinds of seed without affecting
essential components of performance. Only when this is accomplished
will seed quality cease to be a possible factor limiting realization of
the full performance capability engineered into varieties and hybrids
by plant breeders.
It is also very clear that a more
accurate and sensitive measure of
seed quality than germination percentage needs to be developed and
used. Germination percentage is an
important parameter of quality and

PHYSIOLOGY OF SEED STORAGE

germinability an important component of performance. It must even be
considered the most important comp'o nent of performance for when germinability is lost performance potential is zero. But in emphasizing germinability, we have focussed on the
most drastic and disastrous consequence of deterioration and neglected its lesser effects (Figure 1).
In our modern high input, highly
mechanized agriculture, the lesser
effects are becoming of greatest importance. No one knowingly plants
non-germinable seed, but low vigor,
highly deteriorated seed are planted
more frequently than we like to admit.

Maintaining Quality
We stated earlier that while seed
deterioration ~annot be prevented
its rate .:;:an oe controlled. Assuming
]lat the quality of seed entering
storage is high, it can be maintained
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by proper control of the storage environment. The two most important
environmental factors for seed storage are relative humidity and temperature. Relative humidity, which
determines seed moisture content, is
a more critical factor than temperature.
A storage relative humidity of 3035% (seed moisture content about
8.5%) will maintain seed quality for
18 to 24 months under the usual
ambient temperatures of the corn
belt. If temperature is also controlled so that it does not rise over
a maximum of 60° F., quality can
be maintained for 4 to 6 years.
Conditions of 60-65° F. and 40-45o/o
relative humidity are usually very
adequate for commercial seed Including carryover for one year.
It should be pointed out that the
tstorage periods indicated are maximum for maintaining high seed
quality. Seed will survive much
longer periods of storage under the
conditions given but vigor and perfonnance will decline.

Summary

~

0

t-=
1.&.1

0

v
TIME

FIGURE 1
Relation of loss of germinability and
progress of deterioration over time.
Considerable deterioration can occur
before germinability is affected. Loss
of germinability is the final practical
consequence of deterioration.

Deterioration of seed is an inexorable, continuous and irreversible
process. Its rate is largely determined by genetic factors, prestorage
history, and storage environment.
The progress of deterioration is
manifested in many ways, the most
significant of which is slower growth
and development.
Loss of germinability is the most
drastic consequence of deterioration. But. before this point is
reached, stands are reduced, growth
and development retarded, and yield
reduced.
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